
Paper—Automated Stock Trading – Developing the Serious Game FSTG to Teach the Topic of Finite State 
Machines 

 

Automated Stock Trading – Developing the 
Serious Game FSTG to Teach the Topic of 

Finite State Machines 
https://doi.org/10.3991/ijep.v7i1.6524 

M.C. Utesch 
Staatliche Fachober- und Berufsoberschule Technik München, Munich, Germany 

Technical University of Munich (TUM), Munich, Germany 
utesch@in.tum.de 

A. Hauer 
Technical University of Munich (TUM), Munich, Germany 

a.hauer@tum.de 

R. Heininger 
Technical University of Munich (TUM), Munich, Germany 

robert.heininger@in.tum.de 

H. Krcmar 

Technical University of Munich (TUM), Munich, Germany 
krcmar@in.tum.de 

Abstract—A new methodology to teach about the topic of Finite State Ma-
chines is presented in this paper. For this purpose, nine learning objectives 
which are classified into the three categories Basics of Finite State Machines, 
parallels between Finite State Machines and stock trading, and the application 
of Finite State Machines were developed and implemented into a Serious Game 
solution. This paper covers the third category about the application of Finite 
State Machines and its use to create Artificial Intelligence. The learning objec-
tives were determined by using the widely-known Taxonomy of Bloom and in-
tegrated into the Serious Game The Finite State Trading Game (FSTG). In this 
turn-based trading game, the user aims to beat a Non-Player Character by skill-
fully trading shares while the user faces increasing complexity throughout the 
game. For the evaluation of the Serious Game approach a pre-test and post-test 
setting was performed with students of a local upper vocational school class at 
the Technical University of Munich. The results of the following analysis 
demonstrated significant progress in terms of the students’ knowledge about Fi-
nite State Machines for every tested statement. 

Keywords—Artificial Intelligence, Bloom´s taxonomy for learning objectives, 
Finite State Machine, Serious Game, stock trading 
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1 Introduction 

Computer games are enjoying an increasing popularity all over the world: for ex-
ample, the average gamer plays twelve years in his or her life and 72 percent of the 
households in the United States playing video games [1]. But yet many people are not 
aware of the fact that all these games – as well as many other applications, like traffic 
lights – are based on so-called Finite State Machines (FSMs). FSMs are used to create 
and represent the logic of these actions. The National Institute for Standardization and 
Technology (NIST) defines an FSM as a “model of computation consisting of a set of 
states, a start state, an input alphabet, and a transition function that maps input sym-
bols and current states to a next state” [2]. 

FSMs represent a core concept regarding automation. Automation is part of the 
curriculum at upper vocational school (UVS) in Bavaria, Germany [3], as well as at 
IT-related degree courses, e.g. in the Bachelor’s Program of the Technical University 
of Munich (TUM) [4, 5]. 

The curriculum for 12th graders at UVS in Bavaria, Germany, [3] covers a special 
class dedicated to engineering, called ‘Technology and Computer Science’. This class 
comprises the modules basics of modern programming languages, programming 
styles and data structures, and object-oriented programming. They are the basis for 
the next modules capstone project and systems and processes. The capstone project 
aims at understanding, analyzing and evaluating a complex technical system like a 
power station or a car, as well as developing and implementing problem-solving strat-
egies which are especially suited for this kind of technical system. With systems and 
processes the students are expected to gain a better understanding of technical sys-
tems and processes. They should be able to identify the essential elements and pro-
cesses of a technical system, and describe their contribution to its overall functionali-
ty. The students learn to understand and apply systems as well as to analyze and eval-
uate them [6]. 

Using the so-called State Pattern, an FSM representation can be developed for al-
most every IT-based application ranging from control systems to business simulations 
and even computer games [7]. These State Patterns are the optimum architecture for 
the correct implementation of an FSM. Because of the ubiquity of FSM in reality, 
teaching FSM to UVS students seems to be a promising and valuable approach to gain 
a better understanding of real world scenarios. Yet – which application would be best 
suited to meet the learning of UVS students? Traffic lights build on a small number of 
states and are present everywhere to control traffic in our daily life. A more challeng-
ing FSM application would be a stock trading system and its processes of buying and 
selling shares [6]. A share is traded if the offered share price is equal or lower than the 
limit price and a potential buyer has the money to invest in the share. 

Using educational software is a common trend [8]. Serious Games promise to sup-
port self-regulated personalized learning (SRPL) [9]. Two examples shall clarify how 
playing Serious Games may encourage SRPL. As a first example, Utesch, et al. [10] 
describes a learning scenario for UVS students in the context of the Pupils´ Academy 
of Serious Gaming. An important goal of the academy is to reduce the dropout rate of 
students by strengthening their study skills even before they start studying at universi-
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ty. The ERPsimTM Distribution business game is used to improve activities related to 
e.g. time management or teamwork. Secondly, Andergassen, et al. [11] presents the 
learning platform Learn@WU aiming at better ways for self-learning. Furthermore, 
the trend towards Serious Gaming is supported by the increasing availability of com-
puters in German classrooms. In the year 2011, already about 90% of the schools 
leading to the German Abitur provided access to Personal Computers for the students 
[12]. Thus, summarizing the previous considerations, a Serious Game approach based 
on an FSM example seems to be well suited for learning about systems and processes 
in ‘Technology and Computer Sciences’ classes in Bavarian UVS. 

The UVS students are young people who have realized at secondary school level: 
“I learn best in an application-oriented way” [10, 13]. Therefore, we developed a 
stock trading game named ‘The Finite State Trading Game’ (FSTG) [6]. With FSTG 
the learners strive to skillfully trade shares in order to beat a Non-Player Character 
(NPC) through higher profits. The scenario of automated stock trading was used for 
two reasons: Firstly, stock trading is a challenging FSM ex-ample out of everyday 
life. Secondly, automated stock trading is strongly related to the science of Infor-
mation Systems. As a precondition, the IT-related knowledge is very heterogeneous at 
UVS due to a large variety of the students´ learning histories. Thus, the proposed 
Serious Game solution should address FSM from scratch. This leads to the following 
research question [6]: 

How to design, create, and present a Serious Game to teach the topic of Finite 
State Machines to upper vocational school students in Bavaria using stock trading as 
an example? 

This research question was solved by four steps [6]. 

• In the first step we reviewed literature to identify the most important learning ob-
jectives. Additionally, we classified and verified them using the Taxonomy of 
Bloom [14] in the revision of Krathwohl [15]  (chapter 2). 

• In a second step, we integrated these learning objectives into a Serious Game solu-
tion (chapter 3). 

• In the third step, the software was tested with UVS students. The students´ perfor-
mance was measured by a pre-test and post-test scenario. 

• In the fourth step we evaluated the software. The students´ learning progress was 
quantified and analyzed in order to prove the suitability of the Serious Game solu-
tion for the target group (chapter 4). 

2 The Learning Objectives 

For being able to teach students about FSMs, the first essential step is to describe 
the components of an FSM. According to Yuan and Qu [16] an FSM “consists of a 
finite set of states, a start state, an input alphabet, and a transition function that de-
fines the next state based on the current state and input symbols.” It is important to 
note, that the denomination of the elements of an FSM is not standardized. While the 
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term state is used in practically every literature due to its occurrence in the term Finite 
State Machine, the other elements appear in different names in the literature. 

In order to teach the concept of FSMs, three steps A), B) and C) have to be con-
ducted. 

a) The basic elements and properties of an FSM are introduced to the students, in 
combination with the most common representation possibilities [6]. 

b) By using stock trading as an example, the students should gain knowledge about a 
real world FSM application and its parallels to automation. 

c) The students should analyze the application of FSMs to construct an Artificial In-
telligence as well as evaluate its benefits and limitations. 

Consequently, we developed nine learning objectives for these steps by analyzing 
and evaluating a couple of representative FSM definitions and applications [6]. The 
learning objectives are equally distributed among the three steps. 

A common way to structure learning objectives is to describe them according to 
Bloom’s Taxonomy (see Fig. 1). Thus, in order to create, classify, and verify the 
learning objectives, we relied on this Taxonomy of educational objectives [14]. The 
relevant aspects of this taxonomy will be shortly summarized in the following, for a 
better understanding of the FSTG approach 

Bloom´s Taxonomy started as a one-dimensional structure providing the six cate-
gories Knowledge, Comprehension, Application, Analysis, Synthesis, and Evaluation 
[14]. In the year 2001 a revision of the original taxonomy was published by Lorin W. 
Anderson and David R. Krathwohl [17]. It transformed the one-dimensional structure 
into a two-dimensional matrix. The vertical dimension is called the Knowledge Di-
mension, while the horizontal dimension is entitled the Cognitive Process Dimension. 
Since “statements of objectives typically consist of a noun […] – the subject matter 
content – and a verb […] – the cognitive process(es)” [15], the two-dimensional table 
eases to distinguish the subject matter content and the respective cognitive process, 
when classifying a learning objective [15]. Since the first version of the taxonomy has 
been provided by Bloom, also the two-dimensional matrix of the taxonomy will fur-
thermore be addressed as Bloom´s Taxonomy in this paper. 

The Knowledge Dimension describes the type of knowledge the learning objective 
approaches. The Factual Knowledge contains learning objectives dealing with “basic 
elements that students must know to be acquainted with a discipline or solve problems 
in it” [15]. So this row offers a classification option for learning objectives covering 
elementary terms and principles. The Conceptual Knowledge is described in Krath-
wohl´s paper as “The interrelationships among the basic elements within a larger 
structure that enable them to function together” [15]. This means that assembling the 
terms and principles that students have learned in the Factual Knowledge to a coher-
ent structure approaches the Conceptual Knowledge. Furthermore the Procedural 
Knowledge is specified as “methods of inquiry, and criteria for using skills, algo-
rithms, techniques, and methods” [15]. Thus, Procedural Knowledge covers learning 
objectives handling sequential processes. The last knowledge type is called Metacog-
nitive Knowledge. Being described as “Knowledge of cognition in general as well as 
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awareness and knowledge of one's own cognition” [15], learning objectives classified 
into this row deal with the student´s way of thinking and producing content. 

The second dimension of the taxonomy is called Cognitive Process Dimension. 
This dimension classifies how the students shall approach the knowledge. The terms 
used for the column names are examples for the actual words to be used when phras-
ing the learning objectives, and are thus in a verb form. The first column is called 
Remember. Krathwohl [15] describes this process as “retrieving relevant knowledge 
from long-term memory”. So this cognitive process addresses learning objectives 
dealing with repeating learned content. The second column of the dimension, which is 
named Understand, shall contain learning objectives about “determining the meaning 
of instructional messages” [15]. Such learning objectives deal with grasping the gist 
of the transferred content and recognizing its elementary components. In the column 
Apply the focus of the learning objectives shifts from learning by reading and hearing 
to learning by doing, formulated as “Carrying out or using a procedure in a given 
situation” [15]. The next column – called Analyze – is used for the classification of 
learning objectives which are about “breaking material into its constituent parts and 
detecting how the parts relate to one another and to an overall structure or purpose” 
[15]. Decomposing a structure, process, or concept into its elements and inspecting 
them helps the students to understand the composition as a whole. The fifth column is 
called Evaluate. Like the name says, learning objectives in this column deal with 
evaluating content properly to get to know the content, or like Krathwohl describes in 
his revision as “making judgments based on criteria and standards” [15]. The last 
column is named Create. Assigning learning objectives to this column means “putting 
elements together to form a novel, coherent whole or make an original product” [15]. 

According to the three steps A), B), and C) of teaching about FSMs, our learning 
objectives develop step-by-step the learning content by addressing different 
Knowledge Dimensions as well as Cognitive Process Dimensions [6]. Each step is 
addressed by its related category of learning objectives. Each category covers three 
learning objectives – in total we identified nine learning objectives (see Fig. 1). 

a) Basics of a Finite State Machine:  
LO_1_A1, LO_2_B2, and LO_3_C2 

b) Parallels between Finite State Machines and Stock Trading:  
LO_4_C2, LO_5_D2, and LO_6_C3 

c) Construction of Artificial Intelligence using Finite State Machines:  
LO_7_D3, LO_8_D4, and LO_9_D5 

The majority of the learning objectives is positioned on the left side of the table, 
namely in the columns Remember and Understand. However, with increasing use of 
FSTG the learning objectives grow more complex approaching other Cognitive Pro-
cess as well as Knowledge Dimensions. Consequently, the learning objectives LO_5, 
LO_7, LO_8 and LO_9 introduce the Metacognitive Knowledge to the students. 

The learning objectives of category A that cover the basics of an FSM were already 
discussed in [6], while the learning objectives of category B have been presented in 
[18]. Therefore, the following sections of this paper focus on the learning objectives 
of the category C, the construction of Artificial Intelligence using FSMs. The logic of  
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Fig. 1. Classification of FSTG’s learning objectives according to Bloom’s Taxonomy [6] 

the NPC evolves the more learning objectives are met. It is important to note, that the 
single evolution stages of the NPC´s logic do not represent a working FSM which 
could be directly implemented into a software. 

An FSM may either be represented by a State Diagram, a State Table or the Tuple 
Representation [6]. This paper relies on State Diagrams. 

2.1 Construction of Artificial Intelligence using FSMs 

By introducing the use of automation in stock trading, the complexity of the learn-
ing objectives increases. Thus, the NPC logic needs to grow to implement the re-
quired economic issues into the logic. Consequently, in order to explain Artificial 
Intelligence and how it can be analyzed and evaluated, the spare states and transitions 
which are needed for a working logic are added to the NPC’s FSM. Artificial Intelli-
gence is an omnipresent topic these days. For the implementation of the NPC of the 
Serious Game solution an Artificial Intelligence was developed as well. FSMs provide 
a suitable tool to create an intelligent logic.  

The conclusive learning objectives LO_7_D3, LO_8_D4, and LO_9_D5 explain 
the construction of Artificial Intelligence by using FSMs and the emerging benefits 
and limits. 

LO_7_D3: The students shall be able to apply the use of Finite State Machines 
for the representation of Artificial Intelligence. 

In order to explain this learning objective LO_7_D3 as well as the next learning 
objectives, the FSM logic is extended again (see Fig. 2). All of the economic issues of 
the NPC logic have been implemented by now. This includes a completely performed 
implementation  of  the trading strategies  presented in  [6].  The FSM makes its deci- 
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Fig. 2. Fourth evolution stage of the Non-Player Character Finite State Machine 

sions dependent on a certain positive or negative share price movement. In the soft-
ware, a share price delta of two percent or more between the last turn and the current 
turn was used for triggering an action. This delta is called share price movement in the 
following evolution stages. Since the two strategies are contrary, a truth value, which 
is randomly assigned before each round, is needed to distinguish the conditions of the 
transitions to the buy state and the sell state, respectively. This truth value decides 
whether the NPC takes the cyclical or the anti-cyclical strategy. Also, the available 
budget of the NPC appears the first time and is added to the condition of the transi-
tions to the buy state. This is a crucial step to ensure a realistic trade setting. The itera-
tive transition from the buy state to the buy state is added as well. The NPC is now 
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capable of buying more than one share as long as the condition current budget >= 
share price is fulfilled. 

Although the term FSM is not familiar to most of the people, FSMs can be found 
everywhere in daily life. The traffic light that helps to control the traffic, the vending 
machine that can sell products without the help of human power, the turnstile at the 
entrance of attractions that can monitor the amount of people entering are just some 
examples. Not to forget the computer game where we interact with NPCs and fulfill 
goals to complete the game. There is a broad variety of definitions for Artificial Intel-
ligence, of which none can claim to be the ultimate one [19]. Also for human intelli-
gence there are many definitions available too [20]. Especially in the context of this 
paper, artificial intelligence can be seen as a synthesis of simple steps to a consistent 
and logical behavior similar to the one of a human. The FSM of the NPC follows this 
definition as well, although some parts are still missing. By using only a couple of 
transitions and states the intelligence of a broker has been imitated. 

LO_8_D4: The students shall be able to analyze the behavior of the computer-
controlled player in the game to gain advantages over it. 

Once the students are introduced to the entire FSM of the NPC, they can start prov-
ing their learnings. Due to the fixed processing, this FSM can possibly be exploited 
by analyzing the behavior and the representation properly. 

Fig. 3 shows the last evolution stage of the FSM. In this step all the missing parts 
to ensure a consistent and fully functional logic have been added. This includes 
changes on almost all conditions of the logic. The NPC shall only be allowed to sell 
shares, if the respective share is in stock. This is ensured via a check for a positive 
value of shares for both transitions leading to the sell state. In order to indicate the end 
of the trading process, a new state has been introduced, the Stop Trade state. This 
state is a final state, indicated by a double circle instead of a single one in the State 
Diagram. 

There are two transitions leading to the Stop Trade state, one from the buy state 
and one from the sell state. Instead of deciding whether to stay in the respective trade 
state by a truth value, this decision is now done based on random values. The use of 
random values allows to shift the probabilities whether to continue or to stop the trad-
ing from a strict 50/50 share to a freely selectable percentage. The FSM in Fig. 3 
depicts a 75 percent chance to stay in the respective trade state and a 25 percent 
chance to switch to the Stop Trade state. Again, with this balancing of the probabili-
ties we strive to simulate human behavior. In fact, the probabilities are slightly differ-
ing from the ones just presented, since there is a chance that the NPC runs out of 
money or out of shares, respectively. This would make the switch to the Stop Trade 
state obligatory. 

In the Serious Game solution, the complete logic used by the NPC is presented to 
the students. After learning the content of the previous learning objectives, and ob-
serving the behavior of the NPC in the software, the students are expected to under-
stand the construction of the FSM of the NPC by now. It is important to note, that the 
presented State Diagram depicts the behavior of the NPC for one company. Thus, this 
logic is repeated for each of the companies available for trading. 
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Fig. 3. Fifth evolution stage of the Non-Player Character Finite State Machine 

Automated systems always follow the determined rules. This is an advantage and a 
disadvantage of such systems at the same time. While this behavior of automated 
systems makes sure that the systems are consistently and logically operating, it makes 
them also vulnerable for possible exploits. The students can observe which events will 
trigger an action of the NPC. On this way, the NPC could for example be animated to 
buy shares by initiating a sufficient stock price movement, since the NPC is tied to 
this logic and will always start an action in this case. In order to do so, it can be help-
ful for the student to know not only the states and conditions of the NPC FSM, but 
also to understand what input is used for the processing of the logic. While in the first 
evolution stages only the current share price was used for making decisions, more and 
more input is needed for the NPC behavior now. In fact, the complete FSM of the 
NPC takes the share prices of the last round and the current round, the player’s budg-
et, the player’s stock of shares of each company as well as the randomly assigned 
truth value and random numbers as basis for the decision making. So, by thoroughly 
analyzing the behavior as well as the depicted State Diagram of the NPC the students 
can possibly improve their winning chances and gain advantage over the NPC. 

However, it is to be noted that some seldom used transitions are not represented in 
the State Diagram in order to give a better overview of the logic and not to distract 
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the students from the actual content. Fig. 4 shows an example of such a transition. If 
the share price changes less than two percent, neither the transition to the buy state 
nor to the sell state can be triggered. Thus, the FSM directly switches from the Idle to 
the Stop Trade state. Other cases are the transition from the Buy Share state to the 
Stop Trade state if the budget is not sufficient to buy another share, and the transition 
from the sell state to the Stop Trade state if the processed share is not in stock, respec-
tively. 

LO_9_D5: The students shall be able to evaluate the limits of analyzing Finite 
State Machines 

 

Fig. 4. Example for an excluded transition of the Non-Player Character Finite State Machine 

Although the FSM of the NPC shows some possible exploits after inspecting the 
logic, there are limits for the analysis of FSMs. The students need to grasp these limits 
and to apply how to analyze and evaluate the logic of an FSM correctly. Now, the 
students know the behavior of the NPC in the software, which is implemented by an 
FSM. They also are familiar to possible ways how to analyze the logic and use it to 
their advantage. The next logical step is to get to know the limits of these analysis. 
While it is often an advantage to analyze the opponent´s behavior in a game, it does 
not necessarily mean to be able to foresee all of the next actions of the NPC. To give 
an example, while the students know that the NPC will react to a certain share price 
movement, they cannot predict the distribution of the randomly assigned truth value 
and the random number. As a result, the students might be capable of estimating the 
next step of the NPC or analyzing all of the possible moves of the NPC. But they are 
not able to predict the NPC behavior completely. Summarized, implementation ways 
like random assigned variables help not only to improve the realism of an automated 
behavior, but also to keep the behavior unpredictable to a certain level. This is when 
the “flow” starts [13, 21]. 

3 Application 

The Finite State Trading Game (FSTG) is a Serious Game about FSMs which en-
compasses all of the presented learning objectives. In this turn-based game the user 
strives to successfully trade shares on the market to make profit in order to win the 
game against an NPC, whose logic bases on an evolving FSM [6]. Table I presents a 
side-by-side overview of the learning objectives and the corresponding NPC’s evolu-
tion stages of FSTG. 
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Table 1.  Learning objectives, evolution stages and test statements 

 Learning objective (LO) Evolution stage (ES) Test statement (TS) 

C
at

eg
or

y 
C

 

LO_7_D3: The students shall be able to apply the 
use of Finite State Machines for the representation 

of Artificial Intelligence. 

ES4: NPC follows  
all needed economical 

rules 
TS_8_D3 

LO_8_D4: The students shall be able to analyze 
the behavior of the computer-controlled player in 

the game to gain advantages over it. 
ES5: NPC  

is fully functional  
and acts consistently and 

stable 

TS_9_D4 

LO_9_D5: The students shall be able to evaluate 
the limits of analyzing Finite State Machines. TS_10_D5 

 
In order to verify the FSTG approach the software was tested as part of the Pupils’ 

Academy of Serious Gaming for 11th grade UVS students [22]. The details of the test 
lesson itself are fully described in [6]. 

According to [6] we created a questionnaire to quantify the test results. The ques-
tionnaire relies on a five point Likert scale [23]: 1 – Strongly Disagree, 2 – Disagree, 
3 – Neither Agree nor Disagree, 4 – Agree and 5 – Strongly Agree. The participants 
self-assessed their knowledge before the start of the teaching unit in a pre-test and 
after the end of the teaching unit in a post-test.  

The classification of the test statements corresponds to the classification of the 
learning objectives in Bloom´s Taxonomy (see Fig. 1). The statements are discussed 
shortly for the category C – for A see [6], while for B see [18]. 

TS_8_D3: I am familiar with the term “Artificial Intelligence” and its correla-
tion with Finite State Machines. 

Artificial Intelligence is a term, which is used more and more often in daily life. 
But the connection to FSMs is way less known to many people. The comparison of 
the answers to this statement in the pre-test and the post-test verifies whether the stu-
dents were able to understand one of the main contents of the software. 

TS_9_D4: I understand why “Artificial Intelligence” is an accumulation and 
succession of simple steps, actions and conditions. 

A positive answer to this statement shows that the student is familiar with the syn-
thesis of single steps into a functional logic. Particularly after using the software high 
scoring answers could show that the students can apply the construction of the logic in 
the software at the minimum. 

TS_10_D5: I understand why automated processes are potentially vulnerable for 
exploiting due to their rigidly defined logic. 

This statement is expected to be answered not very positively by the students in the 
pre-test due to the detailed level of the statement. Nevertheless, any positive answers 
to the statement in the post-test prove that the students were able to connect the core 
ideas of the presented content of the paper and thus to understand potential weakness-
es of the presented automated system. 
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4 Results 

The students filled the same questionnaire two times on separate documents. This 
means that they assessed their knowledge twice: before and after they used FSTG [6]. 
This paper focuses on the test statements TS_8_D3 to TS_10_D5. 

A. Evaluation of the Pre-Test 
The answers to the statements TS_8_C3, and TS_9_D4 show that the students were 

more familiar to the areas related to the topic Artificial Intelligence. But the answers 
were lopsided to the negative side with only about 18.33% of the answers being on 
the positive side. In the statement TS_10_D5 the number of positive answers peaked 
in 50% share of the overall answers. These results being higher than the ones in the 
previous statements, which were tested in category A [6] and category B [18], was 
probably the result of omitting the term Finite State Machine. The use of more daily 
terms appeared to result in more positive answers by the students. Also the test state-
ment tested a more general knowledge about automation and thus approached a bigger 
scope of the topic. In test statement TS_8_D3 the students appear to have concentrat-
ed on being familiar with Artificial Intelligence, while ignoring the second part of the 
test statement. 

B. Comparison of the Pre-Test and the Post-Test 
In order to allow a better overview for the two test rounds, the results of the pre-

test and the post-test need to be compared. Fig. 5 shows the five (dis)agreement levels 
of the Likert Scale as well as depicts the answers to the last three test statements, 
which are assigned to category C. The students assessed their knowledge far more 
positive in the post-test than in the pre-test. In particular, test statement TS_8_D3, “I 
am familiar with the term ‘Artificial Intelligence’ and its correlation with Finite State 
Machines” shows a significant improvement. Before the students used the software, 
none of them rated this test statement as 5 – Strongly Agree and only 10% chose 4 – 
Agree. After they tried the Serious Game solution, the target group reported a consid-
erable improvement: 55% selected 5 – Strongly Agree and 35% 4 – Agree. 

4.1 Findings 

The results of the post–test seem to verify the success of our FSTG approach to IT-
based learning of FSMs. The evaluation statements with less or no progress show, 
which parts of the software need some rework. 

As a qualitative result the Serious Game solution succeeded to keep the students 
motivated during the lesson without further incentives. On the quantitative side, major 
progress on every statement can be shown [6]. Only 0.05% of all answers of the post-
test were negative. This is a remarkable fact, when compared to overall 73.50% nega-
tive answers in the pre–test. Hence the number of positive answers shifted from 
16.50% in the pre–test to 89.00% positive answers in the post–test. However, a shift 
of the answered options to the positive side had to be expected due to the fact that 
most  statements  are directly  addressed  in  the  software.  Nevertheless,  this test is a  
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Fig. 5. Results of the answers to the test statements of Category C in the pre-test and the post-
test 

success, since big progress was recorded in all test statements. The positive results in 
category C of the post-test prove that the students understood the application of FSMs 
and their use to construct Artificial Intelligence. Although showing some fore-
knowledge in the pre-test, the students seemed to be way more comfortable with their 
knowledge about the use of FSMs - as well as the topic Artificial Intelligence in gen-
eral - after using FSTG. 

5 Conclusion 

The upper vocational schools (UVS) are an important part of the Bavarian school 
system in Germany. The use of Finite State Machines (FSM) allows to cover essential 
modules of the UVS, like systems and processes or the capstone project, due to the 
simple scalability and the widespread application Fields of FSMs. By combining 
these advantages with the merits Self-Regulated Personalized Learning offers, an IT-
based Serious Game seems to be a favorable methodology to teach about the concept 
of FSMs.  

Consequently, the purpose of this research was to design, create, and present an IT-
based learning solution in the form of a Serious Game to teach the topic of FSMs to 
UVS students in Bavaria by using stock trading as an example. 

In order to fulfill this research goal, we created, classified and verified nine learn-
ing objectives for teaching about FSMs by applying the Taxonomy of Bloom [15]. 
These learning objectives were allocated into the three categories, which covered the 
basics of FSMs, the parallels between FSMs and stock trading as well as the applica-
tion of FSMs and their use to create Artificial Intelligence. This research addresses 
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Category C, covering how Finite State Machines can be used to construct Artificial 
Intelligence, before discussing benefits and limitations of this method.  

In the following step, the learning objectives were integrated and implemented into 
the Serious Game “The Finite State Trading Game” (FSTG), a turn-based game in 
which the user strives to trade shares efficiently to beat the non-player character 
(NPC) opponent by making higher profits. The game is structured in several levels, all 
of them offering different stages of complexity. The NPC follows a FSM logic to 
make its trading decisions. By using graphical representations of this FSM logic, the 
user gets explained important knowledge about the characteristics as well as the be-
havior of the computer-controlled NPC during the course of the game. 

The next step – the practical test of the Serious Game – was performed in a lesson 
as part of the Pupils’ Academy [24] at the Technical University of Munich. Students 
of the UVS Staatliche Fachober- und Berufsoberschule Technik München self-
assessed their knowledge about Finite State Machines just before and right after play-
ing FSTG in order to record any progress they have made on the topic. The test state-
ments for this test scenario were created by using the five-point scale of Likert [23] 
and once again the Taxonomy of Bloom. On this way we were able to verify that the 
test statements matched the learning objectives of FSTG.  

Based on the following evaluation of the test sheets, the test on the target group can 
be rated as a success. While in the pre-test the majority of the given answers (73.5 
percent) were negative, only 0.05 percent of the given answers in the post-test were 
rated as negative answers. Thus, a significant shift to the positive side of the answers 
can be recorded for each of the test statements when comparing the answers of the 
pre-test with the answers of the post-test.  

Due to the successful test setting, the Serious Game seems to be ready for usage 
and testing in a larger scale and in different classrooms. The results of the evaluation 
show, that the learning objectives fit to the requirements to teach the FSM concept 
and that they are suitable for the target group consisting of UVS students. Since the 
UVS and the German Gymnasium clearly show existing parallels, a test setting in a 
Gymnasium class could provide interesting insights. Former research [22] has shown 
positive impact of playing a Serious Game on the results in the final exam, the Ger-
man Abitur. Thus, we want to focus with our research on this aspect. Additionally, by 
increasing the teaching content and the functionalities, FSTG could be developed to a 
stand-alone way of teaching instead of the current situation as a supplement to the 
traditional way of teaching.  

FSTG shows opportunities to be vertically expanded as well. After beating all the 
levels of FSTG the users could get the option to create an own FSM Models them-
selves in order to play and win against the created logic. On this way the students can 
prove their learnings by applying their learned knowledge. This subsequent process of 
learning and applying knowledge can help the student to intensify their know-how. 
Additionally, this method would verify the construction of the Serious Game and thus 
this research. 
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